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We, MoLBROS Limited, a British Company 
of Peveril, 42 Irby foad, HesyraH, Wiial, 
Cheshire, do hereby declare the invention for 
which we pray that a patent onay be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
by the following statement: — 

This invention is concerned with improve- 
ments in or relating to a process for the treat- 
ment of spent add liquors and more particu- 
larly to the treatment of such liquors contain- 
ing contaminating salts so as to recover and 
separate the add therefrom for further use, 

Ac<3ording to the invemion there is provided 
a process for the recovery of an add from 
a spent add Hquor solution containing an add 
and a contaminating salt which comprises add- 
ing to the add solution a chemical compound 
which addition can result either in the forma- 
tion in the add solution of a contaiminating 
salt of reduced solubility as compared with 
the original contaminating salt or in a reduc- 
tion of the solubility of die original contami- 
nating salt, and effecting crystallisation of the 
salt of reduced solubility from the add solution 
by evaporative cooling by pasing the solution 
through a cooling tower containing packing 
counter-current to a stream of air, removing 
deposited salt crystals and drawing off the 
cooled separated add. 

For a continuous treatment the separated 
acid may be divided into two pordons, one 
portion being returned to the tower together 
with a further quantity of treated spent liquor. 

Preferably the current of air introduced into 
the cooling tower is dried before said introduc- 
tion. Suitably the drying is effected by passn^ 
the air coimi^-current to a flow of concentrat- 
ed sulphuric add. 

Where the spent liquor contains sulphuric 
acid it is convenient to mix the sulphuric add 
used for the air drying step and which has 
become slightly diluted thereby with the reco- 
VOTd add so as to fortify the latter. Such 
mixing can suitably be effeaed in a device 
[ftr- 



consisting of a finned air-cooled hydraulic cy- 
done mixer. 

The substance to be added to form in the 
cbntanotinated add solution, a sak of reduced 
solubility compared with that of the original 
contaminant niay for example be ammonium 
sulphatK or in other cases sodium ddoride or 
sulphuric add. Alternatively the substance may 
be a synthetic detergent e.g. an anionic surface 
tension reducing agent at a concentration of 
5% w/w in the liquor or aqueous solutions 
of acetone or alcohol in concentrations up to 
50% w/w in the liquor which reduce the sm-- 
face tension and also the sohibility of the oiig- 
iital contaminant. Ammonium sulphate and so- 
dium chloride may be used with spent add 
liquors from steel pidding process to form 
double salts and sujphiuic add may be used 
in the case of add liquors from ^vanising 
picMe baths or stainless steel pickling baths 
to regenerate the acid and deposit metal sul- 
phate crystals. 

In the accompanying drawings three 
different types of apparatus suitable for effect- 
ing the evaporative cooling and crystallisation 
in accordance with the invention are desaribed 
by TOy of illustration wherein. 

Figure 1 is a diagrammatic illustration of 
an assembly of apparatus for recovery of sul- 
phuric add from spent add pickling liquor 
in accordance with the process of the present 
invention. 

Figure 2 is a diagrammatic Hiustration of 
a second assembly of apparatus for the reco- 
very of sulphuric add in acc(^dance with the 
process of the present invention. 

Figure 3 is a fragmental view of a type 
of plastics packing used in cooling towers of 
the apparatus, 

Figiffe 4 is a diagranunadc illustration in 
front elevation of a third assembly of appara- 
tus suitable for the recovery of hydrochloric 
add from steel pidding spent liquor in acconl- 
ance with the process of the present invention 
and 
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Figure 5 is a side elevation of the apparatus 
as shown in Figure 4. 

In the apparatus illustrated in Figiire 1, 
10 is a vortex mixing device into which is 
5 fed through feed pipe 11 the spent acid pick- 
ling liquor. From a container 12 ammbnmni 
sulphate is fed through a flow control feed 
13 to the mixing device 10. From the mixing 
device 10 the treated acid liquor is passed 
10 by inlet 14 into a collector 15, whence it is 
transferred by a glandless submersible pump 
16 through conduit 17 to the cooling tower 
18. The cooling rower 18 is provided with 
an entrainment mist separator 19 and discribu- 
15 tor plate 20. A blower 21 feeds air through 
pipe 22 to the tower 18 counter-current to 
the flow of acid liquid. Crystals of the conta- 
minant salt, now present as FeSOj, 
(NH^)2S0„ 6H2O, are received in the basin 
20 23 and* are removed at 24 whilst the recovered 
liquor is drawn off via conduit 25. The packing 
, in the tower consists of an assembly of corru- 
gated polyvinyl chloride sheets 26 arranged 
as shown in Figure 3. 
25 In the assembly of apparatus illustrated m 
Figure 2 there is provided a mixing device 
31, an agitator 32, an inlet 33 for the acid 
Hquor, a supply hopper 34 for the added com- 
pound (ammonium sulphate crystals). Alixing 
30 of the added compound with the spent acid 
liquor is effected in compartment 31^ and 
from compartment 3lb the treated acid liquor 
is pumped by submersible pump 35 through 
a conduit 36 which feeds the treated acid 
35 liquor to the top of a cooling tower 37, provid- 
ed with a mist entrainment separator 38 and 
distributor plate 39. A . sump 40 is provided 
for the deposited crystals and recovered acid 
from which some of the recovered acid is 
iO pumped by pump 42 through conduit 41 to 
the top of cooling tower 37. Air is led to 
the cooling tower 37 from blower 43 through 
pipe 44, drying tower 45 and pipe 46. In 
the drying tower 45, which is ring packed, 
45 concentrated sulphuric acid is directed 
counter-current to the air, being fed from inlet 
47 into basin 48 and pumped from there by 
pump 49 through conduit 50 to the top of 
tower 45. Some concentrated acid is directed 
50 through conduits 50 and 51 to a firmed air- 
cooled hydraulic cylcone mixer 52. That part 
of the recovered acid which is not re-cycled 
through the cooling tower 37 via conduit 41 
is drawn-off through the conduit 53 and passes 
55 into the finned air-cooled hydraulic cyclone 
mixer 52. Acid which has passed througji the 
drying tower 45 is returned to the basin 48 
and recirculated by pump 49. In the cyclone 
mixer 52 the recovered add is nxixed with 
60 the concentrated acid and the fortified reco- 
vered acid lead away through conduit 54. 
Crystals deposited in the sump 40 are removed 
via oudet 55. The cooling tower 37 may be 
provided with packing 26 of the kind illus- 
65 trated in Figure 3. 



Apparatus for recovery of hydrochloric add 
from a mixture of hydrochloric add and fer- 
rous chloride is ilhistrated in Figures 4 ^d 
5. In this apparatus spent add liquor is fed 
through an inlet 60 where it is mixed in cy- 
clone mixer 61 widi sulphuric add fed via 
inlet 62 md from tiiere the treated aad liquor 
passed dixou^. inlet 63 to the cooling rower 
64 whi<± is provided with corrugated P.V.C. 
sheet packing 65 of alternate horizontal and 
vertical layers. The cooling tower 64 is also 
fined with a mast entrainment separator 66 
and distributor plate 67. Cooling air enters 
the cooling tower 64 from the axial flow fan 
68 and passes counter-current to the acid 
liquor. Acid liquor and crystals collect in the 
sump 69, deposited crystals being withdrawn 
via the oulet 70, the recovered acid liquid 
being drawn off by pump 71 through condurt 
72. One portion of this recovered add liquor 
is; drawn off via outlet 73 and the remainder 
Tc-cyclcd to the tower 64 via conduit 74. 

The liquid distributor plate in the various 
embodiments conveniendy consists of a tray 
of plastics material, the base of the Cray teing 
of grid-like form. The add mist entiaincr is 
suitably also made from synthetic plastics mat- 
erial or of glass. This may suitably consist 
of closely spiaced inclined glass plates or syn- 
dietic plastics material or of <ylindrical rods 
closely spaced or alternatively may be of loose- 
ly woven glass fibre. 

The synthetic plastics material employed lor 
the tower, for uie distributor plate, for the 
collection sumps and for die pumps may suit- 
ably be of rigid polyvinyl chloride matenaL 
The conduits or pipe lines are preferably 
formed from polythene and the cooling tower 
packing is suitably of corrugated flexible poly- 
vinyl tiloride sheeting. 

The finned air-cooled cyclone mixer may 
conveniently be of copper, stainless steel or 
"Monel" metal ("Monel" is a Registered 
Trade Mark) with or widiout a synthetic plas- 
tic lining. 

The process in accordance with the inven- 
tion is particularly suitable for example for 
the recovery of sulphuric acid from an acid 
pickling liquor. Such a Uquor consisting of 
6% su^yhtu-ic acid and 15% ferrous sulphate 
at a temperature of 60 to 70°C is fed into 
the mixing basin 31 of the apparatus illus- 
trated in Figure 2, this bdng of a size capable 
of dealing with an input of 2,000 gallons per 
hour into which mixing basin 31 there is also 
introduced crystals of ammonium sulphate 
from a supply hopper 34. The nuxture of 
acid liquor and ammoniimi sulphate is then 
pumped to the top of the cooling tower 37 
where it passes downwardly through the dis- 
tributor plate 39 and the packing of plastics 
material counter-current to a flow of air sup- 
plied by die hlower 43, afrer the air has !been 
dried by contact with a cotmter-current flow 
of sulphuric acid of 987o concentration. Hie 
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cooled liquid with deposited crystals of ferrous 
anunonium sulphate falls into a collecting 
sump 40. from which the collected crystals re 
removed. The cooled separated liquid is then 
5 removed by means of the submersible pump 
42 suitably of synthetic plastics material, part 
of this recovered acid being re-cyded into the 
cooling tower 37 and part being fed to a finned 
air-cooled hydraulic cyclone mixer 52 at the 

10 exit from the drying tower where it is mixed 
with the concentrated add used for daryLag 
the air. Hie Tecovened separated add of ap- 
proximately 10% concentration is thus 
fortified by mixing with the concentrated add 

15 to give a final concentration of approximatdy 
15%;. When dried air is employed the percen- 
tage removal of ferrous sulphate is alwut 90 
to 95% but only 60 to 65% when the air 
is not dried, as for example in the apparatus 

20 illustrated in Figure 1. 

The apparatus illustrated in Figures 4 and 
5 is as stated suitable for the treatment of 
spent add liquors consisting of hydrochloric 
acid and ferrous chloride, this add solution 

25 being treated with sulphuric add to bring 
about tfie desired reduction of solubility of 
a contaminating salt. 

The invention is applicable generally to the 
treatment of spent liquors from sted pickling 

ZO baths where ferrous Milts as well as sulphuric 
acid and hydrochloric acid arc concerned, from 
galvanising pickle baths where Hquors contain- 
ing hydrochloric add and ferrous chloride are 
concerned and from stainless steel pickling 

35 baths where nitric acid, hydrofluoric add and 
iron, chrome and nickel salts are present in 
the spent liquor. 

WHAT WE CLAIM IS : — 

1. A process for the recovery of an acid 

40 from a spent add liquor solution containing 
an add and a contaminating sak which com- 
prises adding to the acid solution a chemical 
compound which addition can result either in 
the formation in the add solution of a con- 

45 taminaning salt of reduced sohibility as com- 
pared with the original contaminating sak or 
in a reduction of the solubility of the original 
contaminating salt and effecting crystallisation 
of the salt of reduced solubility from the add 



.solutdon by evaporative cooling by passing the 50 
solution through a cooling tower containing 
packing counter-current to a stream of air, 
removing deposited salt crystals and drawing 
off the cooled -separated add. 

2. A process in accordance with claim 1 55 
wherein the cooHng tower packing is of syn- 
thetic plastics materiaL . 

3. A continuous process for the recovery 
of an add from a spent add liquor containii^ 

an add and a salt in accordance with claim 60 
1 or claim 2 wherein the separated add drawn 
off is divided into two portions, one pordon 
being returned through "die cooling tower to- 
gether wkh a furdier quantity of spent liquor. 

4. A process for tht recovery of an add 65 
in accordance with any of the preceding daims 
wherein the current of air introduced into the 
cooling tower is dried before said introduction. 

5. A process in accordance with daim 4 
wherdn the drying is effected by passing the 70 
air in counter-current to a flow of concentrated 
sulphuric add. 

6. A proc&s for the recovery of an acid 
from a spent acid liquid containing sulphuric 
add in accordance with claim 5 wherein the 75 
sulphuric add used for the aar-drying step 

is subsequently mixed with the add recovered 
from the spent liquor so as to fortify the reco- 
vered add. 

7. A process in accordance with any of the 80 
preceding daims wherdn the ohemical com- 
pound added to .provide reduced solubility of 

a contaminating salt m the add of the spent 
liquor is anunonium sulphate, sodium chloride, 
sulphuric add, an anionic surface tension re- 85 
dudng agent at a concentration of 5% w/w 
in the liquor, or aqueous solutions of acetone 
or alcohol in concentrations up to 50% w/w 
in the liquor. 

8. A process for the recovery of an add 90 
from a spent add liquid containing an acid 
and a salt substantially as herein described. 

E. R. ROYSTON & CO., 
Agents for the Applicants, 
Chartered Patent Agents, 

Tower Building, 
Water Street, Liverpool, 3. 
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